Background Choosing a new health service provider can be difficult and is dependent on the type and clarity of the information available. This study examines if the presentation of service quality information affects the decisions of consumers choosing a general medical practice. Objectives The aim was to examine the impact of presentation format on attribute level interpretation and relative importance. Methods A discrete choice experiment eliciting preferences for a general medical practice was conducted using four different presentation formats for service quality attributes: (1) frequency and percentage with an icon array, (2) star ratings, (3) star ratings with a text benchmark, and (4) percentage alone. A total of 1208 respondents from an online panel were randomised to see two formats, answering nine choices for each, where one was a dominated choice. Logistic regression was used to assess the impact of presentation format on the probability of choosing a dominated alternative. A generalised multinomial logit model was used to estimate the relative importance of the attribute levels. Results The probability of incorrectly choosing a dominated alternative was significantly higher when the quality information was presented as a percentage relative to a frequency with icon array, star rating or bench-marked star rating. Preferences for a practice did not differ significantly by presentation format, nor did the probability of finding the information difficult to understand. Conclusions Quantitative health service quality information will be more useful to consumers if presented by combining the numerical information with a graphic, or using a star rating if appropriate for the context.
Introduction
Consumer choice of health service providers has been seen as an important element of many health care systems, and in Australia, it is formally recognised in health policy documents such as the ''Health Performance and Accountability Framework'' [1] . Despite increasing interest in public reporting of health service quality in highincome countries, like many countries, Australia does not make health care quality information on individual Electronic supplementary material The online version of this article (doi:10.1007/s40271-017-0245-9) contains supplementary material, which is available to authorized users. providers or practices available for consumer decision making [2] . Even when comparative information is available, relatively few patients use it to choose a provider, due to a number of barriers, including insufficiently clear presentation of the information [3] . This paper compares several formats for the presentation of health service quality information for consumers choosing a provider in the context of primary care so that such information can be presented in the most useful manner.
There is a large amount of literature on the presentation of quantitative information for consumer or patient health care decision making and a number of published literature reviews. A review of the impact of visual display format found that pictographs (visual representation of a proportion) and tables (containing words, numbers and/or icons such as stars) were easier to understand than bar charts, and tables led to more accurate choices, while pictographs increased risk perception, leading to more risk-averse choices [4] . It is not clear which symbols (in tables or pictographs) are most effective, as few studies examined the same formats and many used small sample sizes [5] . Two reviews focussing on the presentation of risk information found no single visual presentation format to be consistently superior and recommended the use of both numeric and nonnumeric formats concurrently [6, 7] . Numeracy levels were also found to impact on the understanding of different formats. Risk descriptions alone were associated with poorer risk comprehension, with a tendency to overestimate the risk [8] , while the combination of percentage and a risk label resulted in better comprehension than either numeric or label alone [9] . In the context of presenting comparative health performance information, the use of a simplified framework and plain language to describe medical practitioner quality indicators was found to improve consumers' understanding as well as ratings of the information's usefulness [10] . Minimising the amount of information presented was also found to improve understanding of hospital quality information, particularly for those with low numeracy [11] .
The above studies were mainly quantitative experiments employing hypothetical choices in which study participants were randomised to view one version of a specific comparative scenario. These were analysed by comparing the percentage choosing the best or correct answer and using mean scores on rating scales or on indices constructed from multiple questions based upon the presentation version viewed. A discrete choice experiment (DCE) is a useful approach to examine presentation format because it allows for the assessment of the impact of presentation format on choice over multiple choices where the quality attributes are varied, rather than a single scenario. The modelling approach allows for the comparison of presentation formats, conditional on the levels of attributes of the choice. It also allows for the assessment of accuracy of understanding through the analysis of responses where one alternative is objectively better or equivalent across all attributes.
Harrison et al. [12] reviewed the presentation and analysis of risk as an attribute in DCEs and identified the need for experimental studies of the impact of different methods of presentation of numerical information. We found only one study that analysed the impact of presentation format in the context of a health-related DCE [13] . It found that words were preferred by respondents, that graphics did not improve attribute comprehension and that presentation format impacted on preferences for infant vaccination. However, this study compared the use of either words or graphics to depict the levels of all attributes, not just potentially challenging quantitative information such as rates and percentages, and did not use numeric and graphical information concurrently. It is likely that graphically depicting familiar quantitative information, such as cost, or qualitative information, such as location, may have made the graphical representations more challenging for responders.
Motivated by the Australian Government's recent interest in a primary health care policy involving general practice enrolment [14] , we investigated the presentation of performance information for choosing a general medical practice. The Australian health care system has previously not required general practice enrolment for any patients, but is currently conducting a trial of health care homes for people with chronic disease. We used a DCE to investigate the information consumers would find useful when choosing a new general practice and the best way of presenting the information.
Methods
This study used a DCE to elicit preferences when choosing a general medical practice and to evaluate different formats for presenting practice quality information. It recruited 1208 adults aged 18 years or more from an Australian panel, with age and gender quotas set to be representative of the Australian adult population. Respondents completed an online survey that included 18 choice questions as well as health, general practitioner (GP) utilisation, subjective numeracy and socio-demographic questions, and questions about the choice question presentation format (see the electronic supplementary material, online resource 1).
Choice Experiment
Each choice question presented two hypothetical general medical practices (practice A and practice B), and respondents were asked which they would choose if they had to find a new practice. The hypothetical practices were described in terms of ten attributes of a medical practice (Table 1) , which were developed based on an earlier study [15] involving a population survey where respondents rated the importance of a list of 36 attributes of general practice identified from a literature review. That analysis identified attributes most frequently rated as important, as well as key attribute groupings from which attributes were selected for the current study. The survey was reviewed by a consumer focus group and subsequently modified before pilot testing with the first 200 online respondents who were invited to provide feedback.
The first five attributes related to service quality and covered communication, decision making, examinations, patient satisfaction and the availability of urgent appointments (see Table 1 ). These attributes were presented as information arising from surveys of patients attending the practice, explained in the introductory material as well as in further detail available by hovering on the attribute name. Four different presentation formats (or styles) were used for the levels of the five service quality attributes, and these are illustrated in Table 2 . The formats were (1) frequency and percentage with an icon array, (2) star ratings, [16] where these were available and on UK data [17] when Australian data were not available. The levels were ordered categories, and respondents were not required to interpret the star ratings as different representations of the percentages, but merely to interpret a lower number of stars as worse than a higher number of stars and a lower percentage as worse than a higher percentage. The other five attributes covered practice ownership, out-of-hours appointments, travel time, whether or not someone recommended the practice and the typical out-ofpocket cost for a visit. The levels for these attributes were presented as text or numbers only, as per Table 1 . Each respondent saw two of the four presentation formats, which were randomly assigned in pairs such that each respondent saw one numeric format (either style 1 or 4) and one star rating format (either style 2 or 3). The presentation format combinations are shown in Fig. 1 , along with the respondent numbers completing each combination. Nine choice questions were seen for each format as a block, and the order of the presentation formats was also randomised. Figure 2 presents a sample choice set for one of the presentation styles (style 1).
The experiment of ten attributes (8 by 3 level and 2 by 2 level) produces 3 8 9 2 2 = 26,244 possible attribute level combinations, which is too large to include in a single experiment. We therefore varied the attribute levels using a Street and Burgess experimental design of 216 pairs, which was replicated for each presentation style [18] . The design was produced from a starting design with 108 options, using two generators to give 216 pairs. The 216 choice scenarios were blocked into 27 versions of eight, which were replicated for each of the four presentation styles. Each respondent was presented with two versions of eight choices from the design, one version for each of the two presentation formats seen. The version and presentation format combinations were constructed so that each combination included two different versions (i.e. 16 different design choice scenarios). A further two choice sets were added to include a dominated choice (see Sect. 2.2) for each presentation format, to make the total number of choices per respondent 18. The study aimed for a sample size of 1200 to enable separate analyses by presentation style sub-group. This sample size would allow for approximately 600 respondents per sub-group and for more than 20 respondents per design choice set within each subgroup. An empirical study [19] investigating design performance for different numbers of respondents per design choice set found that designs of the sort used in this study were always able to estimate model parameters with ten respondents per choice set, although standard errors do decrease as the number of respondents increases, with a quadrupling of respondents resulting in a halving of the standard error across the range that they investigated. As we are particularly interested in estimating choice probabilities, we also calculated the sample size with a view to being able to estimate the true proportion to within 5%, with a probability of 0.95 for values of p between 0.1 and (1 -a 2 ) ]. This gave a required sample size of 600 (for the most extreme p).
Evaluation of Presentation Format
Multiple approaches were used to examine the impact of the presentation styles and to determine if there was a single best or preferred format for presenting general practice quality information to consumers. The first choice of each block of nine was a dominated choice, meaning that one alternative was better (or equivalent) on all attributes. The five service quality attribute levels were all dominated (worse) for one alternative, while the remaining attribute levels were equal across the alternatives. The dominated choices were included for assessment of a choice error rate for each presentation format. Logistic regression was used to estimate the impact of the presentation style on the probability of choosing the worst alternative, using robust standard errors to account for clustering by respondent as each respondent answered two dominated choices. The model was adjusted for age, gender, time taken to complete the choice questions, whether the response related to the first or second dominated choice seen by that respondent, and subjective numeracy. Subjective numeracy was measured with the 3-item version of the Subjective Numeracy Scale (SNS-3) [21] , which includes three questions about an individual's self-assessed GP general practitioner ability with numerical information and perceptions of its usefulness, measured on a Likert-type response scale of 1-6. The SNS-3 was scored as the mean of the responses to the three questions, where a higher score represents better numeracy.
The time taken to complete each choice question was recorded as an indicator of the ease or difficulty of completion. The Kruskal-Wallis test was used to test for differences between the presentation styles for the time taken to complete the nine choice questions. This was done separately for the first and second set of nine choice questions because of the expectation of learning effects as respondents became more familiar with the DCE choice scenarios.
The survey included questions about how easy or difficult it was to understand the information in the choice questions and which format respondents found best for choosing a practice. At the end of each set of nine choices, respondents were asked to rate how easy or difficult the information was to understand on a 5-point scale from 1 ''extremely easy'' to 5 ''extremely difficult''. As the responses were highly skewed, they were dichotomised for analysis by combining 4 and 5 and combining 1, 2 and 3. Logistic regression was used to estimate the impact of presentation style on the probability of rating the choice information as difficult (4 or 5), while accounting for age, gender, time taken to complete the choice questions, whether the response related to the first or second presentation style seen by that respondent, and subjective numeracy. Robust standard errors were used to account for clustering by individual as each respondent completed this question twice (once for each style seen). After completion of all choice questions, respondents were asked which presentation style they thought was better for choosing between medical practices (of the two styles they saw). The proportion of respondents who saw the presentation style and selected it as better is presented for each style, and the chi-squared statistic was used to test if this differed between respondents with high and low subjective numeracy.
Analysis of Preferences
The choice data (excluding dominated choices) were analysed using the generalised multinomial logit (G-MNL) model [22] , which models both preference heterogeneity and scale heterogeneity . The data were first analysed by combining all presentation formats in a single model. A second model was then estimated that included terms for the presentation format interacted with each attribute level, to test for differences in preferences by presentation format. In addition, separate models were estimated for each presentation format in order to examine choice consistency across the presentation formats, using the scale parameter tau of each G-MNL model [23] . This parameter represents the standard deviation of the person-specific scale of the error term and provides an indication of the extent to which individuals are more or less variable in their choices [22] . The analyses were conducted using Stata version 14; the G-MNL model estimation was by maximum simulated likelihood, using 1000 Halton draws, assuming uncorrelated errors [24] . The probability of choosing a hypothetical medical practice as predicted by the model was estimated by simulation with 10,000 draws using Stata's gmnlpred command [24] .
Results
Response rates are difficult to estimate with online panel recruitment, because it is not known how many potential respondents saw the online invitation while the survey was live and declined to respond. Of the 1522 people who started the survey, 1208 respondents (79.4%) completed all questions, 253 (16.6%) were over the quota for their demographic group and 61 (4%) chose not to complete the survey. For each presentation style, the number of respondents completing nine choice questions ranged from 598 to 610 (see Fig. 1 ).
The survey respondents were similar to the Australian population on most characteristics (see Table 3 ). The national statistics are for persons aged 15 or more, while our respondents were aged 18 or more; consequently, the sample includes slightly fewer respondents in the youngest age group. In addition, a higher proportion of respondents were born in Australia, were not participating in the paid workforce and had lower household income relative to the Australian population. A higher proportion of respondents reported having at least one on-going medical condition, and a lower proportion reported being in very good or excellent health relative to the Australian population ( Table 3 ). The mean subjective numeracy score was 4.44 (standard deviation 1.16), which is consistent with the mean levels reported in the patient samples used to develop and test the SNS-3 [21, 25] , and the median score was 4.67 (range 1-6).
Evaluation of Presentation Style
Overall, 10.4% of respondents chose the worse alternative in at least one of the two dominated choices seen. The worse alternative was chosen in 8.5% of choices when percentages (style 4) were seen, compared with 4.4-5.3% for the other styles. The probability of choosing the worse alternative when the choice was dominated (making an error) is presented in Table 4 (model 1). The probability of choosing the worse alternative was significantly higher when the presentation format was style 4 (percentage only). The odds of an error when seeing style 4 were almost 1.7 times that when seeing style 1 (p = 0.035), 1.88 times that when seeing style 2 (p = 0.01) and 2.20 times that when seeing style 3 (p = 0.003). Respondents who spent less than 3 min answering the 18 choice questions (21% of the sample) had a higher probability of choosing the worse alternative, relative to those spending longer, and the probability of choosing the worse alternative was lower for respondents with a high subjective numeracy score (see Table 4 ). Subjective numeracy was classified as high for respondents scoring at or above the median of 4.67 on a scale of 1-6. The probability of choosing the worse alternative did not differ significantly by the order of the choice (whether it was the first presentation style seen or the second). The odds of an error decreased with age and were higher among males (see Table 4 ), after accounting for the other variables in the model. The Hosmer-Lemeshow (H-L) test supports the model fit ( Table 4) . The distribution of the time taken to complete the survey was highly skewed, with a long right tail. The median total time spent completing the survey was 11.0 min [interquartile range (IQR) 7.7-16.4]. When considering only the time spent responding to the choice questions, the median time taken for the 18 choice questions was 5.6 min (IQR 3.3-8.7). Respondents spent 1.5 min longer on average completing the first nine choice questions relative to the second nine (median 0.9, IQR 0.2-1.8, Wilcoxon signed-rank test p \ 0.001). There were no statistically significant differences between presentation formats for the time taken to complete the first or second set of choices (Kruskal-Wallis test, p = 0.99 and p = 0.84, respectively). For the four presentation formats, the median time taken for the first nine choices ranged from 3.29 to 3.34 min, while for the second nine choices, it ranged from 2.09 to 2.15 min.
In terms of consumer ranking, style 1 (frequency and percentage with an icon array) was more frequently identified as the better presentation format for choosing between medical practices, selected as better by 64% of respondents who saw this style compared with 50% for style 4 (percentage only), 45% for style 2 (star rating) and 41% for style 3 (star rating with benchmark). This did not differ significantly by subjective numeracy score for any of the presentation style combinations seen [combinations involving style 1 chi-squared (2) = 4.79, p = 0.09; style 2 chi-squared (2) = 1.84, p = 0.40; style 3 chi-squared (2) = 4.98, p = 0.08; style 4 chi-squared (2) = 1.20, p = 0.55]. When comparing only the pairs of presentation styles seen by individuals, style 1 remained the most favoured. Of the respondents seeing styles 1 and 2, 62% thought style 1 was better, while 66% thought style 1 was better among those seeing styles 1 and 3. The differences were less clear when style 1 was not seen. Of those seeing styles 2 and 4, 49% thought style 4 was better, while 52% thought style 4 was better among those seeing styles 3 and 4.
The majority of respondents reported that they found the information easy to understand, and this did not differ substantially by presentation style. On a 5-point scale where 1 = extremely easy and 5 = extremely difficult, the mean rating by presentation style ranged from 2.19 to 2.32. For the different presentation styles, the percentage of respondents rating the information as difficult to understand (4 or 5) ranged from 15 to 19% when the style was seen first and from 14 to 18% when it was the second style seen. The probability of rating the information as difficult to understand is presented in Table 4 (model 2). The odds of finding the choice information difficult to understand did not differ significantly by presentation style (p = 0.95), numeracy, gender or the order in which it was seen. The odds of finding the choice information difficult to understand were significantly higher among respondents who completed the choice questions in less than 3 min relative to those who took longer, and significantly lower among older respondents relative to those aged less than 30 years (see Table 4 ). The H-L test supports the model fit (Table 4) . Table 5 presents the G-MNL model for all data regardless of presentation style (model 1) and the same model with interactions between presentation style and each attribute level mean effect (model 2). The dominated choices were excluded from this analysis. In general, respondents preferred lower cost, shorter travel time and higher quality GP care, whilst practice ownership, opening hours and recommendations were less relevant. The presentation style had little impact on the preferences for a general practice. Although the main effects were statistically significant for all attribute levels, very few interaction terms were. Only three attribute levels by style interaction terms were statistically significant at the 5% level; a travel time of 30 min was less important when presentation styles 3 or 4 were used, and recommendation by someone you know was less important when style 3 was used (although the different presentation styles were not used for these attributes). For the remaining attribute levels, none of the differences between presentation styles were significantly different from zero. Overall, the addition of the interaction terms did not improve the model fit, as both Akaike's information criterion (AIC) and Bayesian information criterion (BIC) were larger in model 2 (with presentation style interactions) relative to model 1 (no interactions); see Table 5 . Both models showed evidence of both scale and preference heterogeneity, with tau significantly different from zero and a statistically significant standard deviation for the mean coefficient present for most attributes (including cost). Both models also included a statistically significant constant for alternative B, although it has no interpretation beyond a tendency to favour the right or left side on average regardless of the attribute levels. The measures of model fit indicated that the G-MNL model was a better fit than the simple conditional logit model for both models: AIC 22614 and BIC 22756 for the conditional logit model without interactions and AIC 22643 and BIC 23209 for the conditional logit with interactions. All measures are considerably larger than those for models 1 and 2 in Table 5 .
Preferences for a Medical Practice
Separate G-MNL models for each presentation style were used to examine choice consistency (models available from the authors upon request). This found that the scale parameter tau was significantly different from zero for all presentation formats and there were some differences between the four formats, which are illustrated in Fig. 3 . Style 4 showed the largest degree of scale variability (s = 1.99, 95% confidence interval 1.06-2.92), and style 3 showed the lowest (s = 0.61, 95% confidence interval 0.23-0.99). The 95% confidence intervals for tau overlap for styles 1, 2 and 4, but not for style 3; respondents appeared less variable in their preferences when style 3 (star rating with national benchmark) was used. The impact of each attribute level on the probability of choosing a general practice was estimated from model 1. Figure 4 presents the probability of choosing alternative A at the given attribute level, when alternative B and the other attributes are set to the base level (level 1 as per Tables 1, 2 ). The red vertical line in the graph represents the probability of choosing alternative A with all attributes at the base level for both alternatives. The impact of a given attribute level can then be assessed in terms of the change from this base. The practice attributes with the largest impact on the choice of a practice across all presentation styles were the typical out-ofpocket cost for a visit and the quality attributes, particularly having GPs who listen and explain clearly. A typical out-ofpocket cost of $25 or $50 substantially reduced the probability of choosing a practice, relative to a practice where there is typically no out-of-pocket cost (Fig. 4) . There was a substantial increase in the probability of choosing a practice at higher levels of patient ratings (90%) of the practice GPs on listening and explaining, discussing treatment options and thorough examinations as well as overall satisfaction with the practice, relative to the lowest levels of these attributes.
Discussion
The results of this study suggest that people choosing a new medical practice would like to see information about service quality such as that collected in patient experience surveys. It also suggests that in order to be most useful for the general population, a graphical format such as icons or stars should be used to present the information. The most important attributes for choosing a medical practice were out-of-pocket costs for a visit and quality measures, particularly patient ratings of the practice GPs with regard to communication and thorough examinations. The presentation format affected the error rate (choosing the worst alternative in a dominated choice), which was highest when the information was presented as a percentage without a graphical representation and not significantly different between the numeric (frequency and percentage) with icons and the star rating systems. The majority of respondents preferred the numeric with icons over either star rating system, although a substantial minority preferred stars. The star rating with a national benchmark appeared to result in the most consistent choices. Our findings regarding the preferred attributes for choosing a medical practice were consistent with previous DCE studies that identified technical quality of care [26] and doctor communication [27] [28] [29] as important for choosing a GP appointment. These studies used textual information to represent the service quality attribute levels, unlike the current study, which used different representations of quantitative levels. Of the practice attributes in our study that were presented using textual levels, practice ownership, after hours appointments and a recommendation from someone you know had minimal impact on the choice of a medical practice, while cost and travel time had a substantial impact, along with the five service quality attributes presented with the different formats. This provides a good indicator of the type of information that would be useful for consumer choice, if provided at the practice level.
Our findings also have implications for DCE methods. They suggest that the presentation of unfamiliar numerical information should use a graphical representation rather than just a numeric one, in order to minimise the likelihood of error. However, the differences identified between the presentation formats did not impact on preferences for a medical practice systematically, unlike the findings of Veldwijk et al. [13] , in which substantial differences in preferences were identified between graphical and nongraphical presentation formats in a study of parental preferences for newborn rotavirus vaccination. These differences may relate either to the very different choice context or the differences in the approaches to presenting the formats or both. Our study only used graphical representation for the service quality attributes that had numerical attribute levels and were thought likely to present challenges for respondents, rather than for all attributes, as was done in Veldwijk et al [13] and Townsend and Kahn [30] .
Although we found that the error rate did not differ between the star formats (styles 2 and 3) and numeric with icons (style 1), there were substantial numbers expressing a preference for each format. We expected respondents reporting lower subjective numeracy to prefer a star rating system over the numeric format seen; however, this was not necessarily the case. Subjective numeracy was associated with making an error in choosing a dominated alternative (regardless of format), but not with the best style identified after completion of the choice questions or with rating the format as difficult. One implication for the presentation of information for both consumers and for DCE methods is that using the format preferred by most respondents will ignore the preferences of approximately Fig. 3 Scale parameter (tau) and 95% confidence intervals for the four presentation styles Fig. 4 Predicted probability of choosing a general practice at each attribute level, when other attributes are set to the base level. The red line at 0.47 represents the probability of choosing alternative A when all attributes are set to the base level for both alternatives. Base levels: cost = $0; travel time = 10 min; owner = private company; recommended by someone you know = no; appointments evenings or Saturdays = no; five quality attributes = 50% or 2.5 stars. Quality: (1) GPs listen and explain; (2) GPs involve patients in discussions; (3) GPs conduct thorough examinations; (4) patients satisfied with practice; (5) urgent appointments on same day. Appt appointment, GP general practitioner, pts patients one-third of respondents. An alternative might be to allow individuals to select their preferred presentation format prior to accessing online practice information or prior to commencing the choice questions in an online survey; see for example [30] . However, this raises several additional issues. First, the most preferred format is not necessarily the most easily interpreted [4, 5] , and in the current study, percentages were equally preferred to star ratings but resulted in a higher error rate. Second, there will be many DCE contexts in which a star rating is not appropriate, such as when the numeric attribute level represents a risk. Third, even when either format might be appropriate, this raises the issue of whether or not the different representations address the same question. The lack of impact of the presentation format on preferences in our study would suggest that this might not be an issue. A further issue for consumer choice is the need to choose from a large number of providers, where a star rating system might make the highest quality provider easier to distinguish.
In the context of recent interest in Australia in primary care policies that include patient enrolment with a general medical practice, facilitating better informed choice of practice becomes more important. The findings from this research contribute to understanding the nature of the information that would be most useful to consumers choosing a medical practice for enrolment and how best to present the information. It also makes a methodological contribution, informing the presentation of attribute levels for DCE research.
Conclusion
The study found that health care performance information was important for choosing a new general practice and that the use of a graphic to present quantitative information resulted in fewer errors and more consistent choices. Quantitative health service quality information will be more useful to consumers if presented by combining the numerical information with a graphic or using a star rating if appropriate for the context.
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